ABSTRACT. Organizations responsible for public health throughout the world have been increasingly concerned with the feeding of the populations, by encouraging a nutritious and balanced diet in order to decrease the occurrence of chronic diseases, which are constantly related to an inadequate diet. Still, consumers are increasingly seeking convenient products due to the modern lifestyle. This being so, cereal bars have been an option when the issue is low calorie fast food and source of fiber. This study aimed at developing a cereal bar with high dietary fiber, iron, vitamins A and E, in order to easily enable adult population to achieve the daily recommendation for such nutrients. Eight formulations plus the focal point were prepared through experimental planning; sensory analysis was conducted with 110 tasters for each block and texture. Afterwards, we performed proximate analysis for all three formulations presenting the best sensory results. After statistical analysis and comparison with the means of products available in the market, it was possible to conclude that the product developed had great acceptance and fiber level more than double of mean values for commercial products.
Introduction
There are many evidences on the relationship between dietary factors and primary and secondary prevention of chronic diseases such as heart diseases, diabetes and some types of cancer, as well as better muscle functioning or immune responses (WELCH et al., 2011) .
Cereal bars became a practical food, can be easily consumed, do not require any preparation and are a source of essential nutrients (GUTKOSKI et al., 2007) .
According to Freitas and Moretti (2006) , the tendency to associate cereal bars with healthy food has already been remarked in food industry. Nevertheless, such food is not always beneficial once the amount of some essential nutrients therein it is not as significant as recommended.
Iron deficiency is a matter of public health and this is why food supplemented with iron is a measure to remedy and prevent iron-deficiency anemia. (NABESHIMA et al., 2005; CARVALHO et al., 2010) .
The use of NAFeEDTA has shown several advantages compared with other iron compounds such as ferrous sulfate, ferrous fumarate and others once it does not lead to lipid oxidation and is stable when processing food (HURRELL, 2002) .
Both vitamins A and E are important nutrients in daily diets, and at insufficient amounts there is risk of coronary heart disease, night-blindness and low immunity MORETTI, 2006; MARIATH et al., 2010) .
Dietary fibers are not regarded as essential nutrients, however much interest is placed on them. Such nutrients are associated to the balance of intestinal system, glucose plasma, cholesterol and triglyceride levels (SLAVIN, 2004) .
Resistant starch is the portion of starch resistant to digestion when passing through gastrointestinal tract, being classified as dietary food (SHARMA et al., 2008; FUENTES-ZARAGOZA et al., 2010) . There are many advantages when used in industry, with an improvement in appearance, texture and taste compared with other sources of fiber (CHARALAMPOPOULOS et al., 2002; PÉREZ-ALVARES, 2008; FUENTES-ZARAGOZA et al., 2010) .
In order to provide food with important nutrients in a practical way, this study aimed at developing a cereal bar with high levels of dietary fiber, iron and vitamins A and E.
Material and methods

Raw material
Oat fiber (SL Alimentos -Brazil), resistant starch (CornProducts -Brazil) and NAFeEDTA (Synth ® -Brazil) were used in this study. Oat flakes, rice flakes, soy lecithin, invert sugar, glucose, vegetable fat, Brazil nut, golden flaxseed, sodium chloride and vitamins A and E were purchased at local shops in Maringa.
Cereal bars production
Cereal bars were produced according to the methodology employed by Freitas and Moretti, (2006) with some modifications once we used polyethylene packaging.
An experimental planning was set in order to identify a better combination of fiber sources.
Cereal bars formulations were composed of 40% (mass) of fixed components and 60% of variable components defined through the experimental planning.
The fixed components received the components responsible for sensory characteristics typically found in cereals and iron and vitamins, with the proportion of 20% the daily recommended in order to obtain an enhanced product, according to Huma et al. (2007) .
For daily values needed we used the recommended average for adult population between 19 and 50 years old with National Research Council (NRC, 2005) .
Vitamins A and E were added in their pure form while iron was added as NaFeEDTA, with insignificant amount concerning final weigth of cereal bars produced. Table 1 lists the fixed components added to the cereal bars. 
Experimental Design
A 2 3 factorial design was employed where each factor varied for both highest and lowest quantities and the three factors corresponded to the sources of fiber (resistant starch, oatmeal fiber and coarse oatmeal).
The experimental design, according to Barros Neto et al. (2010) allows all effect combinations to be simultaneously tested. Table 2 presents all three blocks where each had its center point repeated as set by the experimental design. 
The resistant starch varied from 86 g (-) to 171 g (+), the oatmeal fiber varied from 78 g (-) to 180 g (+), the coarse oatmeal varied from 107 g (-) to 200 g (+). The center point for all repetitions represents the simple arithmetic mean between the highest and the lowest values.
Sensory analysis
All formulations had their sensory analysis performed in three blocks where each block received a formulation in the center point. The proximate composition was evaluated in triplicate for products with better sensory acceptance. The Kjeldahl method was employed to determine total protein, for fat we used Soxhlet extractor as described by the AOAC, (1997).
Moisture was determined according to Instituto Adolfo Lutz (IAL, 2008) . Through data obtained from the proximate composition the energy value in the samples was estimated considering factors of Atwater conversion of 4, 4 and 9 Kcal g -1 for protein, carbohydrate and lipid, respectively (MERRIL; WATT, 1973) .
The values found were compared with average values for cereal bars from five major manufacturers in Brazil (considering sales volume).
Determination of iron levels
Iron levels were quantified through mineral determination method using atomic absorption spectrometry Instituto Adolfo Lutz (IAL, 2008) .
Determination of vitamins levels
Levels for both vitamins A and E were quantified, respectively, through methods for determining Vitamins A and E (total tocopherols) in food according to Instituto Adolfo Lutz (IAL, 2008) .
Statistical analysis
The statistical analysis for the results was carried out through Two-Way Analysis of Variance without replication (ANOVA) and mean values were compared by Tukey's test (p < 0.05) using the Statistica StatSoft (2008) 6.0 software.
Results and discussion
Sensory analysis
Based on the results in Table 3 it was possible to observe that formulations with better sensory acceptance were F3, F7 and F10. The data obtained indicated that the highest sensory acceptance was obtained with lower levels of oatmeal fiber. Such result may be due to the great amount of silicon in this ingredient, which provided a gritty sensation to the product.
Gutkoski et al. (2007) revealed a good acceptance for products manufactured using oat with high level of dietary fiber. Similarly to that verified in this study, the formulations with oat were well-rated by the tasters.
Texture analysis
The texturometer is an instrument to establish the softness of a food by simulating human chewing, evaluating a relevant sensory attribute (SILVA et al., 2003) . All 11 formulations passed through texture analysis, whose results are given in Table 4 . It was possible to notice that different formulations did not alter the texture characteristics of the cereal bars. Water is the component that influences the stability, and physic-chemical analysis of food. The texture characteristics of processed cereal-based foods contribute to their popularity and are closely related to low moisture levels (GATES et al., 2008; SUN-WATERHOUSE et al., 2010) . Baú et al. (2010) found moisture level of 12.5% when analyzed cereal bars with high protein values, similarly to that found by : values from 9 to 13% in cereal bars formulated with Baru pulp and almond.
The cereal bars presented ash levels similar to reported by Lima et al. (2010) Protein levels were similar to those found in commercial cereal bars (around 6.5 g 100 g -1
) and cereal bars with dried bananas and dried murici standardized by Guimarães and Silva (2009) varying from 6.9 g 100 g -1 to 7.7 g 100 g -1 .
Lipid levels for all three formulations were slightly lower compared with commercial cereal bars that on average present 11 g 100 g -1 of such nutrient. The lipid content in cereal bars in this study was associated with the addition of Brazil nut and linseed, oilseeds that present high amount of monounsaturated and polyunsaturated fatty acids, highlighting omega 3 and omega 6, both responsible for several benefits for human health such as decreasing in cholesterol and cardiovascular diseases rate and others DE AGUIAR et al. 2011) .
Carbohydrate levels were high in all cereal bars, similarly to commercial cereal bars, due to high concentration of cereals and both glucose and invert sugar, which is the nutrient with greatest contribution to the energy value.
Fiber values were higher than in both commercial and homemade cereal bars (BRITO et al., 2004) , which on average presented 3.44 g 100 g -1 .
Dietary fibers form a set of plant-derived substances non-hydrolyzed by the endogenous enzymes in the digestive tract (SLAVIN, 2004) , its low ingestion has been associated to several diseases such as colon, rectal and breast cancer, diabetes, atherosclerosis, appendicitis, Crohn's disease and others (GUTKOSKI et al., 2007) . The high levels of dietary fibers allow stating that the cereal bars in this study can be categorized as functional food, once their formulations achieved values higher than established by law (BRASIL, 2005b) , which is at least 3 g fibers per 100 g of product, and are able to be classified in high level attribute.
Both vitamins A and E were well preserved after processing the cereal bars. The values found were higher than in commercial cereal bars (90 mcg and 1 mg, respectively). Freitas and Moretti (2006) also reported a good preservation of vitamin E after processing the cereal bars, added to the formulation with 300 mg 100 g -1 .
The iron level was higher than found by Freitas and Moretti (2006) , who reported values similar to the ones in foods such as chestnut (5.5 mg 100 g -1 ) and wheat (5.0 mg 100 g -1 ) as well as in commercial cereal bars (2.1 mg). According to Sampaio et al. (2009) , the iron level in the NaFeEDTA compound is 14%. Thus, the value registered in the present study is due to the sum of iron levels present in ingredients with great iron content, such as chestnut and the ingredient added in the form of NaFeEDTA.
The energy values estimated for the cereal bars were close to 337 Kcal 100 g -1 and 349 Kcal 100 g -1 , found by in cereal bars formulated with baru pulp and almond. The total caloric value of cereal bars decreases as increases the fiber level; and similar results were obtained in the study described by Gutkoski et al. (2007) .
Conclusion
The cereal bars supplemented with fibers, iron and vitamins A and E were well rated.
The F3 formulation presented the highest level of fiber and the lowest energy value among the best accepted formulations. The use of resistant starch as a source of dietary fiber did not affect the product acceptance, once F10 was the formulation with the highest concentration for such ingredient and was classified within the three best accepted ones.
Therefore, it was possible to achieve a product regarded as a source of fibers, iron and vitamins A and E and with double the fiber levels in formulations available in the market, besides the presence of resistant starch and good sensory acceptance.
